(1) was accomplished from dimeric epicatechin electrophile, which was prepared by Zn(OTf) 2 mediated self-condensation, and monomeric catechin nucleophile. The condensation was successfully worked using Yb(OTf) 3 as a Lewis acid in good yield.
In this decade, proanthocyanidins have been paid much attention due to their significant biological activities and health benefitical effects. [1, 2] Proanthocyaidins have broad biological activities, however, in most of cases, evaluation of biological activities was investigated using the mixture of various components such as "grape seeds extract". Thus the numbers of report of systematic structural activity relationship study (SAR) of proanthocyanidins are still limited. To solve this problem, efforts toward the synthesis of proanthocyanidins have been devoted to obtain pure sample because natural proanthocyanidins are difficult to isolate as pure materials [3] [4] [5] [6] . The typical synthetic strategy of proanthocyanidins is condensation between catechin and/or epicatechin nucleophile and electrophile in the presence of Lewis acids. In most of cases, excess amount of nucleophilic partner is required to prevent polymerization. To avoid using excess amount of nucleophile, we have developed equimolar condensation [4l] . However, preparing both of nucleophilic and electrophilic partners is still necessary. In order to simplify to construct epicatechin dimers, we have recently developed using "self condensation" strategy [7] . To demonstrate the usefulness of this reaction, we wish to report an efficient synthesis of epicatechin-epicatechin-catechin {arecatannin A1 (1)}, which was isolated from azuki beans, apple and Areca catechu ( Figure 1) [4j, 8, 9] . In our previous study, we reported the condensation between dimeric catechin or epicatechin nucleophile and monomeric catechin or epicatechin nucleophile to synthesize procyanidin C1 and C2. In case of the condensation of dimeric catechin nucleophile 2 and monomeric catechin electrophile 3 in the presence of AgOTf, condensed product 4 was obtained in high yield [5c]. In case of epicatechin, nucleophile 5 and electrophile 6 gave condensed product 7 in moderate yield [5b]. However, in the case of the condensation between epicatechin-catechin nucleophile 8 and monomeric epicatechin electrophile 6, the yield of condensed product 9 was less than 20% yield when we used various type of Lewis acids (Scheme 1).
Thus we tried to prepare dimeric electrophile. However, as we have reported in the recent paper [7] , direct introduction of the alkoxy group at C-4" position of compound 5 was very difficult when compound 5 was treated with DDQ in the presence of various alcohol. Thus we have developed using "self condensation" of monomeric electrophile 6 to prepare dimeric electrophile 10 using Zn(OTf) 2 as an activator. Compared to the reaction condition of the recent published paper by us [7] , we have modified the reaction condition because the reaction time was too long. We found that using 0.7 eq. of Zn(OTf) 2 at 0 o C to room temperature led the reaction time to be shortened form 24 h to 1.5 h (Scheme 2).
Scheme 2:
Modified synthesis of dimeric epicatechin electrophile 10 using selfcondensation.
As dimeric epicatechin electrophile 10 was in hand, we examined the condensation between dimeric epicatechin electrophile 5 and catechin nucleophile 6. At first we tried Zn(OTf) 2 as a Lewis acid because we have found the condensation between dimeric epicatechin electrophile 5 and monomeric epicatechin nucleophile gave epicatechin trimer derivative in 67% yield as shown in the recent paper [7] . In the case of using monomeric catechin nucleophile, using 2.0 eq. of Yb(OTf) 3 as a Lewis acid gave epicatechin-epicatechin-catechin derivative 12 in good yield. On the other hand, AgOTf gave sluggish result. Ni(OTf) 2 and Zn(OTf) 2 gave moderate yield, respectively. We found that the stereostructure of nucleophile and choice of Lewis acid greatly affected the reactivity in the condensation (Table 1) . 2 6 59 Zn(OTf) 2 5 61 Yb(OTf) 3 4 79
The reaction was carried out at room temperature in CH 2 Cl 2 .
Because the condensed product 12 was obtained, the next attention was turned towards synthesis of arecatannin A1 (1). Removal of the two acetyl groups was achieved by treatment with n-Bu 4 NOH to afford triol 13. Finally, deprotection of the twelve benzyl groups using Pd(OH) 2 in the presence of hydrogen atmosphere in THF-MeOH-H 2 O followed by lyophilization afforded arecatannin A1 (1) in good yield. We confirmed synthetic 1 was pure by HPLC analysis [10] . The physicochemical and spectral data of 1 were consistent with those of the reported values [5e]. The 1 H and 13 C NMR spectral data of peracetate of 1 (14) were also in good agreement with those of the reported values (Scheme 3) [5e].
In conclusion, arrecatannin A1 (1) was synthesized from dimeric epicatechin electrophile 10, which was prepared by Zn(OTf) 2 mediated self-condensation, [7] and monomeric catechin nucleophile 11. The condensation between 10 and 11 was successfully worked using Yb(OTf) 3 as a Lewis acid.
Experimental
General Procedure: Air-and moisture-sensitive reactions were carried out in ovendried (>120 °C) glassware sealed under positive pressure of dry argon from a manifold or balloon. Sensitive reagents and solvents were transferred using a syringe-septa technique. THF was distilled from sodium-benzophenone ketyl under argon, and CH 2 Cl 2 was distilled from CaH 2 under argon. Other commercially available reagents were used without further purification. Column chromatography was performed on silicagel 60 (230-400 mesh). NMR spectra are reported as chemical shifts in parts-per-million based on tetramethylsilane (0 ppm) or one of the signals of the solvents ( 13 C NMR: 77.0 ppm for CHCl 3 in CDCl 3 , 49.0 ppm for CD 3 OD). The following abbreviations are used to describe spin multiplicity: s = singlet, d = doublet, t = triplet, m = multiplet, br = broad, and the combinations derived from those listed. Coupling constants (J) are shown in Hertz (Hz).
[4,8:4",8"]-2,3-cis-3,4-trans: 2",3"-cis-3",4"-trans: 2'''',3''''trans-3,3"-O-Diacetyl-dodeca-O-benzyl-()-epicatechin-()epicatechin-(+)-catechin (12):
To a solution of 10 (21 mg, 0.014 mmol) and 11 (9 mg, 0.014 mmol) in CH 2 Cl 2 (5.0 mL) was added Yb(OTf) 3 (18 mg, 0.029 mmol) at room temperature. After being stirred for 4 h, the reaction was quenched with water. The mixture was extracted with EtOAc (10 mL x 2) and the organic layer was washed with water, brine, dried over MgSO 4 , and concentrated. The residue was purified with preparative TLC (hexane : EtOAc : CH 2 Cl 2 = 5 : 1 : 2) to afforded 12 (23 mg, 79%) as a pale yellow oil.
[α] 19 D : +100 (c 1.35, CHCl 3 ).
Synthesis of epicatechin-epicatechin-catechin (arecatannin A1)
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[4,8:4",8"]-2,3-cis-3,4-trans: 2",3"-cis-3",4"-trans: 2'''',3''''trans-Dodeca-O-benzyl-()-epicatechin-()-epicatechin-(+)catechin (13):
To a solution of 12 (40 mg, 0.020 mmol) in THF (4.0 mL) was added n-Bu 4 NOH (1.0 mL, 40% in water). After being stirred for 164 h, the reaction mixture was diluted with water. The mixture was extracted with EtOAc (10 mL x 2) and the organic layer was washed with water, brine, dried over MgSO 4 , and concentrated. The residue was purified with preparative TLC (hexane : EtOAc : CH 2 Cl 2 = 5 : 1 : 2) to afforded 13 (36 mg, 94%) as a pale yellow oil. 
Peracetate of arecatannin A1 (14):
To a solution of pyridine (0.25 mL), acetic anhydride (0.25 mL), and DMAP (1.0 mg) was added 1 (11 mg, 13 mol) in pyridine (0.1 mL). After the reaction mixture had been stirred for 24h, saturated aqueous NaHCO 3 (5 mL) was added, and the product was extracted with EtOAc (2 x 10 mL). The organic layers were washed with H 2 O (5.0 mL), 0.5N H 3 PO 4 , saturated aqueous NaHCO 3 (5 mL), water (5.0 mL) and brine, dried over MgSO 4 , filtered, and concentrated. The crude product was purified with preparative TLC (hexane:AcOEt = 1:5) to afford peracetate 14 (7.2 mg, 38%) as colorless amorphous solid. 
